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Abstarct 
 
Based on the novel view that a micro-entity could be considered as a particle associated with a field 
partaking of the energy of particle which are both described by deterministic causal equations of motion, we 
examine the success of our new theory in elucidating the underlying physics of the double-slit experiment. 
Here, we explain with clear details how each micro-particle scatters from one of the slits at a given time. 
After the scattering through one of the slits, the particle shares some of its energy with its surrounding field 
and a particle-field system is again formed which its motion is governed by a deterministic dynamics during 
its flight towards the detecting screen. The interference pattern is then explained by showing how the final 
location of each particle-field system at the time of reaching the detecting screen is distributed according to 
an angular distribution (equal to the what quantum theory predicts for the fringe effects in a two-slit 
experiment). The probabilistic nature of such a distribution can be explained by considering the variations 
of the kinetic energy of the particle-field system at different local situations.  
 
 
1  Introduction 
 
The wave-like nature of light was first proved by Thomas Young who observed the 
interference pattern of light in his famous double-slit experiment in1802 [1]. However, if we think 
of light as consisting of photons, the interference pattern of light will seem mysterious. 
Nevertheless, this is not a characteristic feature of light, only. After Young's examination, we 
know at present that the double-slit experiment demonstrates the strange wave behavior of 
micro-entities, not merely the photons. Yet, there has been provided no physical theory thus far 
which could explain the interference phenomenon in a two-slit experiment on the basis of a single 
micro-entity foundation. For this reason, Feynman states that "[i]n reality, it contains the only 
mystery" in the quantum domain [2]. The main mysterious point is that in the two-slit experiments, 
it appears as though each single entity interferes with itself. Because, if only one micro-entity (say, 
an electron) is sent at a time from the source towards the slits, the interference fringes are also 
observed when a sufficiently large number of micro-entities has been counted. But, according to a 
particle picture, e.g., an electron which has been sent from a source, either passes through one of 
the slits or passes through another slit. If this were the correct description, we would be unable to 
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account for the interference fringes. For, if the electron passes through one of the slits, the other slit 
can be neglected and it should be possible for the electron to arrive at all points on the detecting 
screen after the slits. No bright and dark fringes will happen afterwards. If one still challenges this 
view by detecting through which slit the electron actually passes, the interference fringes will be 
destroyed. Any possibility which enables us to know through which slit the micro-entity has been 
passed perturbs the whole quantum state of the system to such an extent that no interference 
pattern is detected. In effect, two complementary events can be recognized here: either we know 
which slit the micro-entity passed through, or we observe the interference effect. 
In this paper, we are going to give an explanation for the puzzling problem of interference 
fringes by using the causal formulation of micro-incidents described in [3] and [4]. According to 
our approach, each micro-entity constitutes a particle which is associated with a field. A 
particle-field (PF) is an integrated system which can be imagined as a particle which its properties 
is merged with its surrounding space so much so it cannot be realized as a classical particle. What 
describes the surrounding space of a micro-particle is a probability field partaking of the energy of 
the particle. Any micro-particle shares its properties with its enfolding probability field to create a 
new meaning of a tiny substance. So, contrary to the de Broglie-Bohm depiction of micro-particles 
and pilot waves [5], in our description there is no room for active waves which can act on the 
particles (through a so-called quantum force) or guide their motion. A PF system should not be 
envisaged as a particle guided by a field. Rather, it should be considered as a unified entity with its 
own dynamics which is, however, affected by the physical conditions the particle is subjected to 
[3]. Hence, the particle plays the key role here and the behavior of its associated field is contingent 
upon what the particle sees and experiences. Nevertheless, the whole behavior of the entire system 
is very different from what we may observe for an individual particle alone, due to the interplay of 
the particle and its allied field. 
In this way, we are going to elucidate that despite a PF system reaches one of the slits at a 
given time according to a determinate trajectory, it will arrive at specific locations on the detecting 
screen, causing the dark and bright interference fringes. 
In the following section we will describe the physical situation of the experiment and 
explain the problem in details. Then, we have a concluding section to sum up our results. 
 
2  The double-slit experiment 
 
We prepare a source emitting a beam of micro-entities (electrons, neutrons, atoms or in 
general PF systems) towards a plane including two slits each of finite width ܽ separated by a 
distance ݀. The slits are placed along the ݕ-direction and we ignore the thickness of them along 
the ݔ and ݖ directions. So, the ݔ and ݖ coordinates of the position of the slits are fixed in the ݔݖ 
plane, denoted by ݔ଴ and ݖ଴, respectively. The intensity of the incident beam is supposed to be so 
low that the PF entities arrive at the slits one at a time. Every PF system sent from the source has a 
definite amount of linear momentum ݌଴ at ݐ ൏ 0 before reaching the slits, where (see Appendix 
A): 
 
 ݌଴మ ൌ ݌௉଴
మ
ܣ଴ଶ ൐ ݌௉଴
మ (1) 
 
Here, ܣ଴ is a scaler function of the components of the de Broglie momentum ݌଴ and the 
particle's momentum ݌௉଴, both defined at ݐ ൏ 0, as well as the amplitude of the momentum (plane) 
field ܣ௣. The plane field is defined as: 
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 ߯௣ሺݔሺݐሻ, ݕሺݐሻ, ݖሺݐሻሻ ൌ ܣ௣exp൫݅ ሬ݇Ԧ଴. ݎԦሺݐሻ൯;     ݐ ൏ 0 (2) 
 
In relation (2), ݎԦሺݐሻ is the local vector of a particle of mass ݉ in the Euclidean space and 
݇଴ ൌ ௣
బ
԰
, where ݌଴ is the magnitude of the de Broglie momentum defined in (1). The PF systems 
have no interaction with their environment, so the energy of each PF system is conserved and 
equal to its kinetic energy defined as ௣
బమ
ଶ௠
 at ݐ ൏ 0. 
If we assume that the momentum of each PF system has the same magnitude in all 
directions at ݐ ൏ 0 (that is ݌଴ is an isotropic momentum), using the relation ݌ఉ଴ ൌ ݌௉,ఉ଴ ܣ଴ where 
ߚ ൌ ݔ, ݕ, ݖ and ܣ଴ is a scaler function, we can conclude that 
 
 ݌௉,ఉ଴ ൌ
േଵ
√ଷ
ቀ௣
బ
஺బ
ቁ ൌ േଵ
√ଷ஺బ
ቀ ௛
ఒబ
ቁ (3) 
 
where ߣ଴ ൌ
௛
௣బ
 is the de Broglie wavelength interpreted in our theory as the associated wavelength 
of particle at ݐ ൏ 0 (see also appendix A). 
Now, we assume that each PF entity, encompassing a particle enfolded by its associated 
plane field in (2), reaches the double-slit apparatus at ݐ ൌ 0, where the slits are placed along the 
ݕ-direction. A system of slits is a position-measuring device [6, 7]. Thus, as stated earlier in [4], 
when a PF system reaches a slit, a discontinuity happens in the trajectory of the system and the 
dynamics suddenly breaks at ݐ ൌ 0. Hence, at the position of the slits, the energy of field is 
transferred to the particle under an irreversible conversion process resulting to an unfolding 
particle having a null field with zero amplitude. The function-dependency of the field, however, 
specifies the corresponding wave function of the particle at ݐ ൌ 0. 
Accordingly, at the position of the slits, if we introduce the ݕ-component of the particle's 
momentum as ݌௉,௬௦ , we have: 
 
 ݌௉,௬௦ ൌ ݌௬଴ ൌ
േଵ
√ଷ
ቀ ௛
ఒబ
ቁ (4) 
 
where ݌௬଴ is the de Broglie momentum of the PF system at ݐ ൏ 0. In reaching the relation (4), it is 
important to note that at ݐ ൌ 0, ܣ௣ ՜ 0 and ܣ଴ ՜ 1 (see the Appendix A for the definition of 
ܣ଴). 
At ݐ ൌ 0 (i.e., when a PF entity arrives at the slits), the uncertainty relation of position and 
momentum only reflects our lack of knowledge about the exact values of ݌௉,௬௦  and the 
ݕ-component of the position of particle, since the particle's properties are well-defined at the 
hidden level. Assuming that a particle passing through the first slit, e.g., has a definite position ݕ 
in the continuum ݕଵᇱ െ ܽ/2 ൑ ݕ ൑ ݕଵᇱ ൅ ܽ/2 , the average values of ۃݕۄ  and ۃݕଶۄ  can be 
obtained, respectively, as 
 
 ۃݕۄ ൌ ଵ
௔
׬  
௬భ
ᇲା௔/ଶ
௬భ
ᇲି௔/ଶ
݀ݕ  ݕ ൌ ݕଵᇱ  (5) 
and 
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 ۃݕଶۄ ൌ ଵ
௔
׬  
௬భ
ᇲା௔/ଶ
௬భ
ᇲି௔/ଶ
݀ݕ  ݕଶ ൌ ݕଵᇱଶ ൅
௔మ
ଵଶ
 (6) 
 
where ݕଵᇱ  denotes the middle point of the first slit. We have also supposed that the particle has a 
uniform probability of being found through the slit. From the relations (5) and (6), one concludes 
that Δݕ ൌ ௔
ଶ√ଷ
. At the same time, according to (4), we have ۃ݌௉,௬௦ ۄ ൌ 0 and ۃ݌௉,௬௦
మ
ۄ ൌ ௛
మ
ଷఒబ
మ which 
shows that Δ݌௉,௬௦ ൌ
௛
√ଷఒబ
.4 Therefore, from the indeterminacy relation ΔݕΔ݌௉,௬௦ ൒ ԰/2, one infers 
that 
 
 ܽ ൒ ଷ
ଶగ
ߣ଴ (7) 
 
which states that the width of the slit cannot be smaller than about the half magnitude of the de 
Broglie momentum of the particle, in accordance with all theoretical as well as experimental 
considerations reported so far (see below). 
At the position of the slits, the wave function of the particle can be defined as 
 
 ߰ሺݕሺݐሻሻ ൌ ଵ
√ଶ
∑  
௜ୀଵ
ଶ
߰௜ሺݕሺݐሻሻ;     0 ൑ ݐ ൑ ߝ (8) 
 
where ߝ is small enough to assume that a little after the slits, the spatial distribution of the particle 
along the ݕ-direction can still be nearly given by |߰ሺݕሻ|ଶ. This assumption is essential, because 
for obtaining the field representation of the system at latter times in our approach, we need the 
trajectory equation of the particle after the slits which can be traced back to an initial time 
ݐ ൌ ߝ ് 0, due to the discontinuity occurred at the position of the slits at ݐ ൌ 0. 
In (8), we have 
 
 ߰௜ሺݕሺݐሻሻ ൌ ቊ
ଵ
√௔
ݕ௜
ᇱ െ ܽ/2 ൑ ݕ ൑ ݕ௜
ᇱ ൅ ܽ/2
0 elsewhere
;     0 ൑ ݐ ൑ ߝ (9) 
 
where ݕ௜ᇱ is the middle point of the ݅th slit (݅ ൌ 1 or 2). According to what argued before in [4], 
the amplitude of the field becomes zero, when the particle passes through the slit. So, the 
associated field of the particle at ݐ ൌ 0 is zero, demonstrating that our lack of knowledge about 
the physical situation of the particle is only a subjective matter with no objective feature [4]. After 
the passage of the particle through the slit at ݐ ൐ 0 (including ݐ ൒ ߝ), however, the field will 
partake of some of energy of the particle and its amplitude will be not zero. 
                                                 
4Each slit can be imagined as an one-dimensional box along the ݕ-direction. Hence, the mean value of ۃ݌௉,௬௦
మ
ۄ is, 
strictly speaking, equal to 
݊2݄2
4ܽ2
 at ݐ ൌ 0, where ݊ is the energy quantum number. Assuming an uniform probability 
distribution for each slit along the ݕ-direction, it is legitimate to consider that the magnitude of ݊ is so large that the 
value of ۃ݌௉,௬௦
మ
ۄ can be given by 
݄2
3ߣ0
2  as a continuous quantity. For example, for the values of ߣ0 ൎ 2݊݉  and 
ܽ ൌ 22ߤ݉ in a double-slit neutron experiment [8], the value of ݊ can be approximated as 2 ൈ 10ଵ଺. 
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At ݐ ൒ ߝ, the time evolution of the wave function in the ݕ-direction can be described in 
terms of a free-particle propagator ܭ௬ሺݕሺݐሻ, ݐ; ݕሺߝሻ, ߝሻ defined as [4]: 
 
 ܭ௬ሺݕሺݐሻ, ݐ; ݕሺߝሻ, ߝሻ ൌ ට
௠
௜௛ሺ௧ିఌሻ
exp ቂ௜௠
ሺ௬ሺ௧ሻି௬ሺఌሻሻమ
ଶ԰ሺ௧ିఌሻ
ቃ (10) 
 
where ݕሺߝሻ is the ݕ-component of the position of the particle at ݐ ൌ ߝ. The wave function of the 
PF system at ݐ ൒ ߝ can now be defined as: 
 
 Ψ௬ሺݕሺݐሻ, ݐሻ ൌ
ଵ
√ଶ
∑  
௜ୀଵ
ଶ
  ׬  
௬೔
ᇲା௔/ଶ
௬೔
ᇲି௔/ଶ
݀ݕሺߝሻ  ܭ௬ሺݕሺݐሻ, ݐ; ݕሺߝሻ, ߝሻ߰௜ሺݕሺߝሻሻ;     ݐ ൒ ߝ (11) 
 
At ݐ ՜ ߝ, the propagator in (10) tends to ߜሺݕ െ ݕሺߝሻሻ and the wave function in (8) is reproduced 
for ݐ ൌ ߝ. As stated above, however, the associated field of the particle at ݐ ൐ 0 is endowed with 
energy. Thus, the wave function in (8) is indeed an approximation for 0 ൏ ݐ ൑ ߝ. 
After passing through a given slit, the equation of motion of the particle along the 
ݕ-direction can be expressed as: 
 
 ݕሺݐሻ െ ݕሺߝሻ ൌ ሺݐ െ ߝሻ ௣ು,೤
௠
;     ݐ ൒ ߝ (12) 
 
where ݌௉,௬ is the ݕ component of the momentum of the particle for ݐ ൒ ߝ. Regardless of what 
slit the particle has passed through, we also assume that the particle's momentum ݌௉,௬ is the same 
value. 
Using the relations (10)-(12), the relation (11) can now be given as follows: 
 
 Ψ௬ሺݕሺݐሻ, ݐሻ ൌ
ଵ
√ଶ௔
∑  
௜ୀଵ
ଶ
ට
௠
௜௛ሺ௧ିఌሻ
׬  
௬೔
ᇲା௔/ଶ
௬೔
ᇲି௔/ଶ
݀ݕሺߝሻ  exp ቂ
௜௣ು,೤ሺ௬ሺ௧ሻି௬ሺఌሻሻ
ଶ԰
ቃ (13) 
 
Then, Ψ௬ሺݕሺݐሻ, ݐሻ in (13) can be represented as: 
 
 Ψ௬ሺݕሺݐሻ, ݐሻ ן ቀ
ୱ୧୬ఈ
ఈ
ቁ
ୣ୶୮൬
೔೛ು,೤೤ሺ೟ሻ
మ԰
൰
√௧ିఌ
∑  
௜ୀଵ
ଶ
exp ൬െ
௜௣ು,೤௬೔
ᇲ
ଶ԰
൰ ;     ݐ ൒ ߝ (14) 
where 
 
 ߙ ൌ ௔௣ು,೤
ସ԰
 (15) 
 
Now, for ݐ ൒ ߝ , one can introduce the field representation of the PF system in the 
following form5: 
                                                 
5Here, while we have a continuous change of state from ߰ሺݕሺ0ሻሻ to Ψሺݕሺݐሻ, ݐሻ (including ݐ ൌ ߝ), the corresponding 
field of the system changes discontinuously from a null field at ݐ ൌ 0 to ܺሺݕሺݐሻ, ݐሻ ് 0 for ݐ ൒ ߝ. For this reason, 
we have traced the time evolution of the wave function according to the time-dependent dynamics of the system, but 
assign the field representations at two different time stages ݐ ൌ 0 and ݐ ൒ ߝ, inferentially. 
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 ܺ௬ሺݕሺݐሻ, ݐሻ ൌ ቀ
ୱ୧୬ఈ
ఈ
ቁ ܨ௬ሺݐሻ ∑  
௜ୀଵ
ଶ
exp ൬െ
௜௣ು,೤௬೔
ᇲ
ଶ԰
൰ ;     ݐ ൒ ߝ (16) 
 
where 
 
 ܨ௬ሺݐሻ ൌ
஺೤ሺ௧ሻ
ඥሺ௧ିఌሻ
exp ቀ
௜௣ು,೤௬ሺ௧ሻ
ଶ԰
ቁ (17) 
 
and ܣ௬ሺݐሻ is a time-dependent factor. Since it is supposed that each particle and its associated 
field are free of any interaction during the flight from the source towards the detecting screen, one 
can assume that: 
 
 ௗห௑
ሶ೤ห
ௗ௧
ן
ௗหிሶ೤ሺ௧ሻห
ௗ௧
ൌ 0 (18) 
 
Then, it can be resulted from (18) that ܣ௬ሺݐሻ ൌ ܿி,௬√ݐ െ ߝ, where ܿி,௬ is a real constant [4]. 
Thus, one can finally obtain the field representation of the PF system as ܺሺݕሺݐሻ, ݐሻ ՜ ߯ሺݕሺݐሻሻ, 
where 
 
 ߯௬ሺݕሺݐሻሻ ൌ ܿி,௬ ቀ
ୱ୧୬ఈ
ఈ
ቁ exp ቀ
௜௣ು,೤௬ሺ௧ሻ
ଶ԰
ቁ ∑  
௜ୀଵ
ଶ
exp ൬െ
௜௣ು,೤௬೔
ᇲ
ଶ԰
൰ ;     ݐ ൒ ߝ (19) 
 
The situation is, however, different along the ݔ and ݖ directions. When the particle passes 
through one of the slits located along the ݕ-direction, the ݔ and ݖ components of its position will 
take a definite value (denoted as ݔ଴ and ݖ଴, respectively), if we neglect the thickness of the slits 
along these directions. Thus the wave function of the particle in the ݔ (ݖ)-direction can be 
represented as ߜሺݔሺߝሻ െ ݔ଴ሻ (ߜሺݖሺߝሻ െ ݖ଴ሻ) at 0 ൑ ݐ ൑ ߝ for small ߝ. The associated field of the 
particle is null at this time interval in both directions ݔ and ݖ. 
Now, let us focus on the ݔ-direction in the meantime. The wave function of the system in 
the ݔ-direction at the position of the slits can be given as: 
 
 Ψ௫ሺݔሺݐሻ, ݐሻ ൌ   ׬  
ାஶ
ିஶ
݀ݔሺߝሻ  ܭ௫ሺݔሺݐሻ, ݐ; ݔሺߝሻ, ߝሻߜሺݔሺߝሻ െ ݔ଴ሻ;     ݐ ൒ ߝ (20) 
 
where ܭ௫ሺݔሺݐሻ, ݐ; ݔሺߝሻ, ߝሻ is the free particle propagator along the ݔ-direction. Considering the 
motion of the particle along the ݔ-direction as: 
 
 ݔሺݐሻ ൌ ሺݐ െ ߝሻ ௣ು,ೣ
௠
൅ ݔሺߝሻ;     ݐ ൒ ߝ (21) 
 
one can express the relation (20) in the form of: 
 
 Ψ௫ሺݔሺݐሻ, ݐሻ ൌ ට
௠
௜௛ሺ௧ିఌሻ
  exp ቂ
௜௣ು,ೣሺ௫ሺ௧ሻି௫బሻ
ଶ԰
ቃ ;     ݐ ൒ ߝ (22) 
 
where ݌௉,௫ is the ݔ component of the linear momentum of the particle at ݐ ൒ ߝ. After passing 
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through one of the slits, the particle shares energy with its surrounding and the field representation 
becomes significant. Thus, using the no-physical-interaction hypothesis for the PF system 
departing the slits, one can assign the field representation in the ݔ-direction as: 
 
 ߯௫ሺݔሺݐሻሻ ൌ ܿி,௫exp ቂ
௜௣ು,ೣሺ௫ሺ௧ሻି௫బሻ
ଶ԰
ቃ ;     ݐ ൒ ߝ (23) 
 
where ܿி,௫ is a real constant. A similar relation can be obtained for particle's field in ݖ-direction. 
The entire field of the PF system, however, can be factorized: 
 
 ߯ሺݔ, ݕ, ݖሻ ൌ ߯௫ሺݔሺݐሻሻ߯௬ሺݕሺݐሻሻ߯௭ሺݖሺݐሻሻ (24) 
 
where ߯௫ሺݔሺݐሻሻ and ߯௬ሺݕሺݐሻሻ are given in (23) and (19), respectively, and ߯௭ሺݖሺݐሻሻ has the 
same form as ߯௫ሺݔሺݐሻሻ. 
According to (24), the probability field can now be presented as the follwoing: 
 
 |߯ሺߠሻ|ଶ ൌ 4ܿிଶ ቀ
ୱ୧୬ఈ
ఈ
ቁ
ଶ
cosଶ ቀம
ଶ
ቁ (25) 
 
where ܿி ൌ ܿி,௫ܿி,௬ܿி,௭ is the amplitude of the entire field with dimension of length. In (25), 
Ԅ ൌ
௣ು,೤ௗ
ଶ԰
 and ݀ ൌ |ݕଶᇱ െ ݕଵᇱ | is the distance between the slits, center to center. We also define 
݌௉,௬ ൌ ݌௉sinߠ, where 
గ
ଶ
൑ ߠ ൑ െ గ
ଶ
 is the scattering angle of the particle which for simplicity is 
assumed to have a specific value, regardless of what slit the particle has been scattered through. 
Correspondingly, the angular probability distribution for the scattering of the particle can be 
represented as: 
 
 |߰ሺߠሻ|ଶ ൌ ࣨଶ ቀୱ୧୬ఈ
ఈ
ቁ
ଶ
cosଶ ቀம
ଶ
ቁ (26) 
 
where ࣨ is a normalization constant. The probability distribution (26) is similar to what quantum 
mechanics predicts for the probability that a particle is being scattered from a two-slit apparatus 
[7]. The only difference is that the scattering angle ߠ here is twice the scattering angle defined in 
the quantum mechanics (see below). Hence, ߠ ൌ 2ߠொெ  and sinߠ ൎ 2sinߠொெ , due to the 
smallness of the scattering angle.6 It is also interesting to note that, if we have only one slit 
(assuming Ԅ ൌ 0 in (20), since ݀ ൌ 0), the diffraction form ቀୱ୧୬ఈ
ఈ
ቁ
ଶ
 will be obtained which is 
the well-known diffraction distribution for photons and other quantum particles [7]. 
The kinetic energy of the field, for ݐ ൒ ߝ, is equal to: 
 
  
                       ܭி ൌ
ଵ
ଶ
݉| ሶ߯|ଶ ൌ ଵ
ଶ௠԰మ
݌௉ସܿிଶ ቀ
ୱ୧୬ఈ
ఈ
ቁ
ଶ
cosଶ ቀம
ଶ
ቁ (27) 
 
                                                 
6The reader should note that the scattering angle in our approach has a clear meaning, because we present a real picture 
of the scattering process here. In quantum mechanics, however, the definition of ߠ is vague, since we do not know 
how micro-entities can be scattered by the system of slits to produce the interference pattern collectively. 
8 
 
where ݌௉ ൌ ቆ ∑  
ఉୀ௫,௬,௭
݌௉,ఉ
ଶ ቇ
ଵ/ଶ
 is the magnitude of the momentum of particle at ݐ ൒ ߝ . The 
momentum of the PF system can now be obtained as: 
 
  
          ݌ ൌ ݉ݍሶ ൌ ሺ݌௉ଶ ൅ 2݉ܭிሻଵ/ଶ ൌ ݌௉ ቂ1 ൅
௣ು
మ
ସ԰మ
|߯ሺߠሻ|ଶቃ
ଵ/ଶ
 (28) 
 
where |߯ሺߠሻ|ଶ is defined in (25). 
Due to the conservation of the energy, we can relate the kinetic energy of the PF system 
before and after the slits, according to the following relation 
 
 ݌ଶ ൌ ∑  
ఉୀ௫,௬,௭
݌ఉ
ଶ ൌ ݌଴
మ
ൌ ௛
మ
ఒబ
మ (29) 
 
where ݌଴ is defined in (1) and ߣ଴ is the associated wavelength of the particle at ݐ ൏ 0 (see also 
relation (3)). Using the relation (28), one gets 
 
 ݌௉ଶ ൌ
ିଵାඨଵା೛
బమ
԰మ
|ఞሺఏሻ|మ
భ
మ԰మ
|ఞሺఏሻ|మ
 (30) 
 
According to (28), we can define: 
 
 ݌ఉ ൌ ݌௉,ఉ ቂ1 ൅
௣ು
మ
ସ԰మ
|߯ሺߠሻ|ଶቃ
ଵ/ଶ
 (31) 
 
where ݌௉,௫ ൌ ݌௉sinԂcosߠ , ݌௉,௬ ൌ ݌௉sinԂsinߠ , ݌௉,௭ ൌ ݌௉cosԂ  and ݌௉  is defined in (30). 
Henceforth, we take Ԃ ൎ గ
ଶ
, considering only two components of the PF's position in the ݔݕ plane 
for simplicity. By using the relation (30), it is straightforward to show that in (31): 
 
 ݌௫ ൌ ݌௉଴ܣ଴cosߠ ൌ
௛
ఒబ
cosߠ (32) 
 
and 
 
 ݌௬ ൌ ݌௉଴ܣ଴sinߠ ൌ
௛
ఒబ
sinߠ (33) 
 
where െ గ
ଶ
൑ ߠ ൑ గ
ଶ
. From the relations (32) and (33), at ݐ ൒ ߝ  we can obtain the ݔ  and ݕ 
components of ݍ, respectively, as: 
 
 ݍ௫ ൌ ܣ଴ݒ௉଴ሺݐ െ ߝሻcosߠ ൅ ݔ଴;     ݐ ൒ ߝ (34) 
and 
 
9 
 
 ݍ௬ ൌ ܣ଴ݒ௉଴ሺݐ െ ߝሻsinߠ ൅ ݕሺߝሻ;     ݐ ൒ ߝ (35) 
 
where ݕሺߝሻ is the ݕ component of the position at ݐ ൌ ߝ. All the equations (32)-(35) are obtained 
in an exact manner. Nevertheless, assuming that the energy of field is not so great, so that only the 
second power of the field's amplitude is significant, one can show that in (30) ݌௉ଶ; ݌଴
మ
ൌ ௛
మ
ఒబ
మ.
7 
Thus, we can approximately express the parameters ߙ and Ԅ in (25) and (26) as: 
 
 ߙ ൌ ௔௣ು,೤
ସ԰
; ௔గୱ୧୬ఏ
ଶఒబ
 (36-a) 
 
and 
 
 Ԅ ൌ ௗ௣ು,೤
ଶ԰
; ௗగୱ୧୬ఏ
ఒబ
 (36-b) 
 
which are similar to the quantum definitions, if we consider sinߠ ൌ 2sinߠொெ [7]. 
To see how we can interpret the relation (26) as a density function describing the 
probability of observing the positions of the particles along the ݕ-direction, we examine the 
kinetic energies of the system at different situations [3]. First, one should note that when 
sinߠ ൌ 0, ܭி in (27) is positive and maximum, but the ݕ component of the particle's momentum 
is zero. Correspondingly, ܭ௉ி,௬ ൌ
௣೤మ
ଶ௠
ൌ 0, showing that the it is more likely to find the particle in 
such region and the probability of finding the particle in the ݕ-direction will be maximum. This is 
also in accordance with what the probability distribution |߰ሺߠሻ|ଶ describes in (26), when ߠ ൌ 0. 
On the other hand, for regions where sinߠ ് 0, but |߯ሺߠሻ|ଶ ൌ 0, ܭி in (27) becomes 
zero and the momentum of the particle in (30) reaches its maximum value of ௛
ఒబ
. Hence, ݌௉,௬ 
approaches its maximum value of ݌௬ in (33). So, the chance of observing the particle in such 
regions vanishes. 
For regions where sinߠ ് 0 and also |߯ሺߠሻ|ଶ ് 0, ܭி has a limited nonzero value in 
(27), demonstrating that the kinetic energy of the particle has been diminished in such regions, but 
still is significant. Correspondingly, the chance of finding the particle in such regions is probable 
to some extent. 
Eventually, at ݐ ൌ ܶ, we assume that the PF system bumps into a detecting screen which is 
located at distance ܮ from the slits. Subsequently, a position measurement takes place at ݐ ൌ ܶ 
and a particle is detected on the screen. For, when the position of a micro-entity is measured, the 
position of the PF system is reduced to particle's siting, according to an irreversible discontinuous 
process [4]. Thus, e.g., we can never measure the ݍ௬  introduced in (35) (or other spatial 
coordinates of the PF system) at ܶ. In other words, PF's spatial coordinates are not discernible in 
practice. Rather, every spot on the detecting screen signifies the location of a detected particle 
denoted by some ݔୢୣ୲ሺܶሻ, ݕୢୣ୲ሺܶሻ, and ݖୢୣ୲ሺܶሻ values. Since this kind of transformation from 
the PF to the particle position cannot be followed up dynamically, the exact values of the particle's 
spatial coordinates on the detecting screen cannot be determined a priori. Nevertheless, the 
                                                 
7This is indeed a legitimate assumption taking notice that the energy of a PF system should be concentrated mainly on 
the particles itself after the slits, because the energy transfer from the particle to its surrounding is so fast that at 
0 ൑ ݐ ൑ ߝ the field cannot partake of a considerable energy. 
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difference between each PF's spatial coordinates ݍ௫ , ݍ௬  and ݍ௭  with its corresponding 
components ݔୢୣ୲, ݕୢୣ୲ and ݖୢୣ୲for the particle at ݐ ൌ ܶ is not so significant, because the whole 
detected space (i.e., the space where the spots are observed) are so small that any discrimination 
between the PF and the particle spatial coordinates becomes negligible for practical purposes. As a 
matter of fact, the same pattern delineated by the spatial coordinates of a PF system can be then 
observed for the detected particles as well, but in a more compact region, because the PF system is 
a more extensive system comprised of both particle and its allied field. Consequently, having into 
account that the density function in (26) could be indeed interpreted as the probability distribution 
of the detected ݕ components of particles' positions (denoted by ݕୢୣ୲ሺܶሻ) and assuming that 
ݍ௬ሺܶሻ ൎ ݕୢୣ୲ሺܶሻ, one can sketch the interference pattern of the particles scattered from the slits at 
ݐ ൌ 0. 
Based on our results in this paper, in figures 1-a, b, c and 2-a, b, c, the cross section of the 
interference pattern for particles scattered from the two slits and its corresponding angular 
distribution |߰ሺߠሻ|ଶ in (26) (corresponding to the probability field |߯ሺߠሻ|ଶ in (25)), together 
with a graph of the impacts on the detecting screen are shown for two well-known two-slit 
experiments regarding electrons and ultracold neon atoms, respectively [9, 10]. For reproducing 
the purposed pattern depicted by |߰ሺߠሻ|ଶ, we should have ܣ଴ 10 ( 1) and |ߠ| ൑
గ
ହ଴଴଴଴
 (൑ గ
ଶ଴଴
) for 
the electron (neon atom) two-slit experiment which shows that for larger quantum particles the 
energy of the plane field before the slits can be neglected (i.e., in relations (34) and (35), ܣ଴ ՜ 1). 
After the slits, however, the presence of field is important, because without an energetic field (with 
small energy, albeit), we have no reason why the PF coordinates in (34) and (35) should be 
distributed according to |߰ሺߠሻ|ଶ. We have also assumed that ݒ௉଴ሺܶ െ ߝሻ ൎ ܮ. The length of the 
detecting screen (as is clear in figures 1-a, b) is about 0.16 mm for the electron experiment. This 
length is about 3.2 mm for the neon atom experiment (depicted in figures 2-a, b) which can be 
compared to the value of ൎ 2 mm in real experiment, showing that the impacted particles have 
indeed a more compact pattern in practice than what PFs' trajectories describe in theory. 
 
3  Conclusion 
 
The total picture we have depicted here to explain the interference phenomenon constitutes 
of several substantial elements. First, we assumed that at ݐ ൏ 0 there is a source emitting free PF 
systems with low intensity, each PF system possesses a definite amount of linear momentum ݌଴. 
The field is described by a plane wave and partakes of some limited amount of particle's energy. At 
ݐ ൌ 0, a given PF system reaches the slits placed along the ݕ-direction. Due to the conservation of 
energy, the continuous kinetic energy of the PF system remains unchanged, but its ݕ component 
specifies the high energy levels of a particle in one dimensional box in the ݕ-direction (see the 
relations (3) and (4) for comparison). So, the energy of field becomes zero and the ݕ component 
of the position of particle inside the slit can be described by a uniform distribution ଵ
௔
, where ܽ is 
the width of each slit. After passing through one of the slits, however, the associated field partakes 
of some limited amount of particle's energy again. This given energy has no direct effect on PF's 
trajectories at ݐ ൐ 0  (introduced in relations (34) and (35), e.g.), but determines the local 
distribution of PF's spatial coordinates, after the particle is scattered from a slit. If there was no 
energetic field after the slits, the spatial distribution of the particle would be specified by 
evaluating the variations of the kinetic energy of the particle in different locations. This, however, 
would lead to the conclusion that the particles should most frequently impact the detecting screen 
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at positions located at the front of each slit (i.e., the places near the scattering angle ߠ ൌ 0). This is 
indeed the pattern observed for the scattered classical objects. Yet, for micro-entities the situation 
is different. Since the particle shares its energy with its surrounding, the kinetic energy of it varies 
at different locations depending upon the amount of energy its associated field is partaking of. 
This, in turn, explains why the spatial distribution of the detected spots at the final screen should be 
in accordance with what the angular distribution |߰ሺߠሻ|ଶ describes. Consequently, one can also 
ascribe the same statistical weight to the trajectories of the PF system, because the locations these 
trajectories determine at the time of detection can be assumed to be nearly equal to the locations a 
particle might be detected concurrently. 
In effect, the interference fringes can be interpreted as the fine structure of a classical 
pattern manifested for micro-entities. Neglecting the subtleties of an interference pattern, a 
Gaussian-type distribution of scattered particles can be roughly reconstructed. In the 
micro-domain, however, what causes the appearance of the fringes is the association of an 
energetic field in the whole process. This leads to a fine structure, because the amount of energy 
which the particle shares with its surrounding is small. For the macro-particles, however, the 
probability field has no contribution in the entire energy of the system, since as the particle 
becomes more discernible itself, the difference between its own attributes and the properties being 
observed in practice diminishes gradually. Accordingly, the interference phenomenon 
demonstrates the inherent feature of all micro-particles to share some of their energy with their 
surrounding to produce an allied field partaking of the same energy. In such a way, the mutual 
relationship between a micro-particle and its associated field leading to the appearance of an 
integrated new PF entity can coherently explain the mysterious interference fringes of the 
double-slit experiments.  
 
Appendix A  
 
For a plane field described as (2), the energy of field can be defined as: 
 
 ܧி ൌ ܭி ൌ
ଵ
ଶ
݉ݒி଴
మ (A-1) 
and the velocity of field is given as 
 
 ݒி଴ ൌ หݒԦ௉଴. ׏ሬԦ߯௣ห ൌ ቤܣ௣ ∑  
ఉୀ௫,௬,௭
ݒ௉,ఉ
଴ ݇ఉ
଴ቤ (A-2) 
 
where ݒ௉଴ is the velocity of the particle at ݐ ൏ 0, ሬ݇Ԧ଴ ൌ
௣Ԧబ
԰
 and ߯௣ is defined in (2). Now, for the 
momentum of the PF system before reaching the slits, one can show that: 
 
  
 ݌଴మ ൌ ݌௉଴
మ
൅ ܣ௣ଶ ቆ ∑  
ఉୀ௫,௬,௭
݌௉,ఉ
଴ ݇ఉ
଴ቇ
ଶ
൐ ݌௉଴
మ
ൌ ݌௉଴
మ
ܣ଴ଶ (A-3) 
where 
 
 ܣ଴ଶ ൌ 1 ൅ ቆ
஺೛ ∑  
ഁసೣ,೤,೥
௣ು,ഁ
బ ௞ഁ
బ
௣ು
బ ቇ
ଶ
൐ 1 (A-4) 
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According to (A-3), for each component of the de Broglie momentum ݌଴ as well as the 
particle's momentum ݌௉଴, one can define the relation ݌ఉ଴ ൌ ݌௉,ఉ଴ ܣ଴ where ߚ ൌ ݔ, ݕ, ݖ. For an 
isotropic de Broglie momentum, we have ݇଴మ ൌ 3݇ఉଶ and the relation (A-3) can be written as: 
 
 ݌଴మ ൌ ௣ು
బమ
൭ଵି
ಲ೛
మ ഏು
బమ
య԰మ
൱
 (A-5) 
 
where 
 
 ߨ௉଴
మ
ൌ ቆ ∑  
ఉୀ௫,௬,௭
݌௉,ఉ
଴ ቇ
ଶ
 (A-6) 
 
At ݐ ൏ 0, assuming an isotropic de Broglie momentum, we have ݌௉,ఉ଴ ൌ
േଵ
√ଷ
ቀ௣
బ
஺బ
ቁ. At 
ݐ ൌ 0, i.e., at the position of the slits along the ݕ-direction, ܣ௣ ՜ 0 and ܣ଴ ՜ 1, hence ݌௉,ఉ௦ ՜
േଵ
√ଷ
݌଴ ൌ ݌ఉ
଴. 
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  Figure Captions  
 
Figure Caption 1 (a) The cross section of the interference pattern for a total number of 5000 
electrons scattered from the two slits. The vertical axis shows the number of hits and the horizontal 
axis shows the length of the screen in terms of meter. (b) The corresponding angular distribution 
|߰ሺߠሻ|ଶ  with |ߠ| ൑ గ
ହ଴଴଴଴
. The horizontal axis is in terms of radian. (c) The impacts on the 
detecting screen for the same number of electrons as in (a). Here, we have used the data ߣ଴ ൌ 5 ൈ
10ିଵଶ ݉, ݀ ൌ 2 ߤ݉, ܽ ൌ 0.5 ߤ݉, ܮ ൌ 0.35 ݉ [9] and ܣ଴ ൌ 10.  
 
 
Figure Caption 2 (a) The cross section of the interference pattern for a total number of 5000 
ultracold neons scattered from the two slits. The vertical axis shows the number of hits and the 
horizontal axis shows the length of the screen in terms of meter. (b) The corresponding angular 
distribution |߰ሺߠሻ|ଶ with |ߠ| ൑ గ
ଶ଴଴
. The horizontal axis is in terms of radian. (c) The impacts on 
the detecting screen for the same number of neons as in (a). Here, we have used the data 
ߣ଴ ൌ 1.8 ൈ 10ି଼ ݉, ݀ ൌ 6 ߤ݉, ܽ ൌ 2 ߤ݉, ܮ ൌ 0.113 ݉ [10] and ܣ଴ ൌ 1.  
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